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METHOD AND PLANT FOR MANUFACTURING A PNEUMATIC TYRE FOR 
VEHICLE WHEELS 

Description 

5 

The present invention relates to a method and a plant 
for manufacturing a pneumatic tyre for vehicle wheels. 

In the production cycle of a pneumatic tyre it is 
10 provided that subsequently to a building step in which 
the different components of the tyre itself are 
manufactured and/or assembled, a moulding and 
vulcanisation process should be also carried out, which 
process aims at defining the tyre structure according 
15 to a desired geometry usually having a particular tread 
pattern. 

For the purpose, the tyre is enclosed in a moulding 
cavity defined at the inside of a vulcanisation mould 

2 0 and shaped according to the geometric configuration of 

the outer surfaces of the tyre to be obtained. 

A pneumatic tyre generally comprises a carcass of a 
toroidal ring-shaped conformation, including one or 
25 more carcass plies reinforced with reinforcing cords 
lying in radial planes, i.e. containing the rotation 
axis of the tyre. Each "carcass ply has its ends 
integrally associated with at least one annular 
preferably metallic reinforcing structure, usually 

3 0 known as bead core, constituting the reinforcement at 

the beads, i.e. the radially internal extremities of 
said tyre the function of which is to enable assembling 
of the tyre with a corresponding mounting rim. A band 
of elastomer material, known as tread band, is applied 
35 crownwise to said carcass, and in said tread band at 
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the end of the vulcanisation and moulding steps a 
raised pattern is formed for ground contact. A 
reinforcing structure usually known as belt structure 
is placed between the carcass and tread band. The belt 
5 structure in the case of tyres for cars usually 
comprises at least two radially superposed strips of 
rubberised fabric material provided with reinforcing 
cords, usually of metal, disposed parallel to each 
other in each strip and crossed with the cords of the 

10 adjacent strip, preferably symmetrically disposed 
relative to the equatorial plane of the tyre. 
Preferably said belt structure, at a radially external 
position, further comprises, at least at the ends of 
the underlying strips, a third layer of textile or 

15 metallic cords, that are disposed circumf erentially (at 
0 degrees) . 

Finally, in tyres of the tubeless type, i.e. devoid of 
an air tube, a radially internal layer is present which 
2 0 is generally referred to as "liner" and has 
imperviousness features to ensure air-tightness to the 
tyre . 

It is to be pointed out at this point that to the aims 
25 of the present invention by the. term "elastomer 
material" it is intended a composition comprising at 
least one elastomer polymer and at least one 
reinforcing filler. Preferably, this composition 
further comprises additives such as cross-linking 
30 and/or plasticizing agents for example. Due to the 
presence of the cross- linking agents, this material can 
be cross-linked through heating, so as to form the 
final manufactured article. 

35 There are moulding and vulcanisation methods in which a 
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green tyre placed on a rigid toroidal support is 
arranged within the mould. Said methods are preferably 
employed for tyres that are produced, following recent 
building processes, starting from a limited number of 
5 elementary semi -finished products fed onto a toroidal 
support the outer profile of which matches that of the 
radially internal surface of the tyre of which 
production is wished- Said toroidal support is 
handled, preferably by a robotized system, between a 
10 plurality of stations in each of which, through 
automated sequences, a particular building step of the 
tyre is carried out (see document EP 0 928 680 in the 
name of the same Applicant, for example) . 

15 The International Patent Application No. PCT/IB 
02/04833 in the Applicant's name discloses a method of 
moulding and vulcanising a tyre for vehicle wheels 
comprising the steps of: building a green tyre on a 
toroidal support the outer surface of which 

20 substantially matches an inner surface of said green 
tyre; heating said toroidal support to transmit heat to 
the inner tyre surface in contact with said toroidal 
support; pressing said inner surface of said green tyre 
against said outer surface of said toroidal support by 

25 means of at least one secondary working fluid under 
pressure; pressing an outer surface of said green tyre 
against the walls of a moulding cavity defined in a 
vulcanisation mould, by means of a primary working 
fluid under pressure passing through at least one 

30 diffusion gap between said outer surface of said 
toroidal support and said inner surface of said green 
tyre; said primary working fluid under pressure being 
heated so as to supply heat to said green tyre to cause 
vulcanisation of same. 



35 



WO 2005/042237 



PCTYIB2003/004790 



- 4 - 

The Applicant could verify that by a method of the 
above illustrated type, at least one partial 
vulcanisation of the innermost layer of the tyre itself 
and of the bead region is obtained. In this way 
5 relative flowing of the different components of the 
green tyre of elastomer material due to the inner 
vulcanisation pressure is prevented from occurring 
above all in the first minutes of this process r i.e. 
when the plastic features of the elastomer material are 

10 higher. Thus it is ensured that these components will 
substantially keep their arrangement as stated in the 
design specifications at the end of the moulding and 
vulcanisation steps. In particular, the carcass ply or 
plies substantially will keep their position at the 

15 bead region determining stretching of the carcass ply 
or plies in accordance with said specifications. 

In addition, in the bead region phenomena of lack or 
uneven accumulation of material, which could result in 
20 generation of steps or discontinuities in the bead 
itself, are avoided. 

Finally, the at least partial vulcanisation of the 
radially internal layer of the carcass structure allows 
25 achievement of at least two important advantages. 

In fact, the at least partly vulcanised liner becomes 
substantially impermeable to the heating fluid employed 
in the true tyre vulcanisation. In this way the fluid 
30 usually containing steam is prevented from penetrating 
through the liner until reaching the radially outermost 
tyre layers causing defects in the finished tyre and 
oxidation of the metallic parts present in the tyre 
itself, the belts for example. 

35 
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A further advantage resulting from an at least partial 
vulcanisation of the liner before the moulding and 
vulcanisation steps resides in a particularly uniform 
vulcanisation capable of enabling an optimal tyre 
5 finishing both in the radially internal surface and the 
radially and axially external surfaces. In fact, the 
working fluid in the moulding and vulcanisation 
conditions is directly in contact with parts of the 
tyre that have already been partly vulcanised and 
10 therefore show a non plastic but almost elastic 
behaviour of the material. In this case an even 
distribution against the mould of the elastomer 
material belonging to the outermost tyre layers occurs. 

15 The Applicant in a tyre production process in which 
tyre building is carried out on a toroidal support, has 
felt a need for reducing the production times of each 
tyre in order to increase productivity of the plant 
itself and at the same time ensure a correct geometry 

20 of the bead and connection of the latter with the 
carcass ply/plies which must substantially remain those 
provided by the design conditions- These times are 
mostly dependent on the moulding and vulcanisation 
times that are critical in a modern production system 

25 like the one described in document WO 01/3 9963 for 
example, in the name of the same Applicant. A reduction 
in the moulding and vulcanisation time would therefore 
enable an immediate reduction in the overall production 
time , 

30 

The Applicant has therefore perceived that by 
introducing at least one partial vulcanisation step 
during tyre building on a toroidal support, it is 
possible to reduce the overall production time lowering 
35 the overall time of the final moulding and 
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vulcanisation step, while substantially keeping the 
features of the bead and the carcass ply/plies linked 
thereto unchanged with respect to the design 
specifications . 

5 

In more detail the Applicant has found that by building 
at least one carcass structure on a toroidal support 
and submitting the latter to a first vulcanisation step 
exerting a pressure on the structure itself from the 

10 outside to the inside, an at least partly vulcanised 
carcass structure is obtained which is stable in its 
geometry and suitable for completing building of the 
tyre. Subsequently, a second vulcanisation step 
accompanied by moulding of the tread band and sidewalls 

15 allows a finished tyre to be obtained in a more reduced 
overall period of time. 

In a first aspect, the invention relates to a method of 
manufacturing pneumatic tyres for vehicle wheels, 
20 comprising the following steps: 

- assembling a tyre being processed on a toroidal 
support having an outer surface the shape of which 
substantially matches that of an inner surface of the 
tyre itself, building at least one carcass structure on 

25 said support, said carcass structure comprising a 
radially internal layer containing elastomer material 
in contact with the outer surface of the toroidal 
support, at least one carcass ply the ends of which are 
associated with at least one bead structure comprising 

30 at least one annular reinforcing structure and an 
elastomer filler; 

- closing the toroidal support and the tyre under 
processing assembled therewith into a hermetically 
sealed cavity; 

35 - admitting a working fluid into said cavity pressing 
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the inner surface of said tyre being processed against 
the outer surface of said toroidal support ; 

- supplying heat to said tyre being processed to start 
vulcanisation of at least one elastomer element of the 

5 carcass structure selected between said elastomer 
filler and said radially internal layer; 

- extracting said toroidal support carrying said tyre 
being processed, from said cavity; 

- completing building of the tyre being processed; 

10 - closing the built tyre and the toroidal support 
within a moulding cavity defined in a vulcanisation 
mould, said moulding cavity having walls conforming in 
shape to an outer surface of . the tyre when 
vulcanisation has been completed; 

15 - moulding the tyre by pressing it with its outer 
surface against the walls of the moulding cavity; 

- supplying heat to the built tyre to vulcanise it. 

In a second aspect the invention relates to a plant for 
20 manufacturing pneumatic tyres, comprising: 

- at least one building station comprising an automated 
apparatus for handling a toroidal support on which each 
green tyre is built, said toroidal support having an 
outer surface the shape of which substantially matches 

25 that of an inner surface of the tyre itself; 

at least one apparatus to carry out a partial 
vulcanisation of said green tyre being processed, said 
apparatus comprising: at least one hermetically sealed 
cavity set to receive the toroidal support carrying the 

3 0 tyre being processed, at least one heating device to 
generate heat at least on the surface of the toroidal 
support, at least one device for feeding working fluid 
under pressure, associated with said cavity to press 
the radially internal surface of the tyre being 

35 processed against the radially external surface of said 



WO 2005/042237 



PCT/IB2003/004790 



toroidal support ; 

- at least one apparatus for vulcanising and moulding 
said green tyre once it has been built . 

5 In a third aspect, the invention relates to an 
apparatus for carrying out a partial vulcanisation of a 
green pneumatic tyre being processed, said apparatus 
comprising: at least one hermetically sealed cavity set 
to receive a toroidal support carrying the tyre being 

10 processed, at least one heating device to generate heat 
at least on the surface of the toroidal support, at 
least one device for feeding a working fluid under 
pressure and associated with said cavity to press the 
radially internal surface of the tyre being processed 

15 against the radially external surface of said toroidal 
support . 

Further features and advantages of the invention will 
become more apparent from the detailed description of 

20 some preferred but not exclusive embodiments of a 
method and a plant for manufacturing a pneumatic tyre 
for vehicle wheels in accordance with the present 
invention. This description will be set out hereinafter 
with reference to the accompanying drawing, given by 

25 way of non-limiting example, in which: 

- Fig- 1 is a diagrammatic vertical view partly in 
section of a preferred embodiment of an apparatus 
belonging to the plant in accordance with the 
invention* 

30 

A tyre manufactured using the plant and method in 
reference essentially comprises a carcass structure 
formed of one or more carcass plies having the 
respective opposite end edges in engagement with 
35 annular reinforcing structures integrated into inner 
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circumferential regions of the tyre, usually identified 
as "bead structure" or "beads" . Each annular 
reinforcing structure comprises one or more 
circumferential annular inserts or bead cores, 
5 preferably made of metal, and one or more filling 
inserts coupled with the carcass plies. Said carcass 
structure is preferably internally coated with a so- 
called "liner", i.e. a thin layer of elastomer material 
that, when vulcanisation is over, will be airtight so 
10 as to ensure keeping of the tyre inflation pressure in 
use . 

Applied to the carcass structure at a .radially external 
position is a belt structure comprising one or more 

15 belt layers having respectively crossed reinforcing 
cords, and a possible auxiliary belt layer comprising 
one or more cords of textile or metal material spirally 
wound up around the geometric axis of the tyre. An 
under-belt insert may be interposed between each of the 

2 0 side edges of the belt structure and the carcass 
structure . 

The tyre further comprises a tread band applied to the 
belt structure at a radially external position, a pair 
25 of anti-abrasion inserts each externally applied close 
to one of the tyre beads, and a pair of sidewalls each 
of which covers the carcass structure at a laterally 
external location. 

30 The plant in accordance with the invention for 
manufacturing tyres preferably is of a highly automated 
type as described in document WO 01/3 9963 in the name 
of the same Applicant. More specifically said plant 
preferably comprises a plurality of work stations, 

35 herein not shown, in which the green tyre is built. 
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Each work station comprises an automated apparatus, 
providing use of robots with several rotation axes for 
example, for handling of the tyre during processing. 

5 Preferably each tyre being processed contemplates 
engagement on a toroidal support 10 having an outer 
surface conforming in shape to the inner surface of the 
green tyre to be built, the green tyre being therefore 
conveniently obtained directly on the support itself. 

10 

In this way the toroidal support 10 is advantageously 
exploited as a rigid shape for laying the different 
components thereon, such as liner, carcass plies, 
reinforcing structures at the beads, belt strips, 

15 sidewalls, and tread band, that co-operate in forming 
the tyre itself. More specifically, said tyre 
components are preferably made by laying of semi- 
finished elements on said toroidal support 10, such as, 
by way of example, elongated elements of elastomer 

2 0 material, strip- like elements of elastomer material 
internally comprising a plurality of textile or 
metallic cords, metallic cords preferably made of high 
tensile steel. Further details on the laying modalities 
of the tyre components on the toroidal support 10 are 

2 5 for example described in the European Patent 

Application issued under No. 0 929 680 in the name of 
the same Applicant. 

Said plant further comprises a moulding and 

3 0 vulcanisation station in which the green tyres, once 

building of same has been completed, are moulded and 
vulcanised to obtain a desired tread pattern together 
with cross-linking of the elastomer material of which 
the tyre is made. 

35 
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In accordance with the invention, said plant comprises 
at least one apparatus 10 0 intended for partial 
vulcanisation of a green tyre still under processing, 
or more specifically for partial vulcanisation of at 
5 least the carcass structure or bead region and the 
inner surface of the carcass structure itself, once 
assembling of the latter on said toroidal support 10 
has occurred . 

10 More particularly said apparatus 100 comprises a lower 
half 102A and an upper half 102B, delimiting at least 
one inner cavity 110, advantageously hermetically 
sealed, said halves 102A and 102B being in engagement 
with a bedplate 103A and with a closing portion 103B 

15 belonging to the lower half 102A itself, and at least 
one sealing element 107 placed between the opposite 
surfaces of the two halves 102A and 102B. 

In a preferred embodiment, a hinged connection is 

2 0 provided between said two lower 102A and upper 102B 

halves, more specifically a hinge 111 allows rotation 
of the upper half 102B on a vertical plane of apparatus 
100. As can be seen, this technical solution is 
particularly advantageous when a highly automated 
25 production plant as the one disclosed in the above 
mentioned document WO 01/39963 is concerned because 
wide vertical spaces for movement of the possible 
robotized arm bearing the toroidal support 10' are 
required. Therefore, should a closing-opening solution 

3 0 of the vertical type be adopted the plant would take up 

a greater volumetric space. 

A device for feeding working fluid is also provided to 
be associated with said apparatus 100, which device 
35 comprises at least one delivery duct 108 and one 
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exhaust duct 109 to feed and discharge said working 
fluid under pressure respectively, such as air, 
nitrogen or other substantially inert gases at the 
inside of said cavity 110, in order to press from the 
5 outside to the inside as better described in the 
following, the inner surface of said tyre being 
processed against the outer surface of said toroidal 
support 10. 

10 Said apparatus 100 further comprises a device for 
receiving said toroidal apparatus 10 carrying said tyre 
under processing in said cavity; said device may for 
example comprise a seating 112 for a shank 113 by which 
said toroidal support 10 is supported during its 

15 displacements within the plant in reference. Finally 
abutment surfaces 114 horizontally support the same 
support 10 wherein one of said surfaces is rigidly 
connected with the upper half 102B. 

2 0 Preferably, the abutment surfaces 114 when the upper 

half 102B is in a closed condition, behave towards the 
toroidal support 10 they hold like two cheeks of a 
vulcanisation apparatus, i.e. they are in an abutment 
condition on the toroidal support shoulders thereby 
25 creating an annulus or circle ring around the tyre 
being processed which is supported by the same support. 

Still more preferably, the abutment created by surfaces 
114 is maintained in a pressed condition preferably by 

3 0 hydraulic devices. For example in the embodiment shown 

in Fig. 1, two pairs of hydraulic pistons 130, one 
linked to the upper half 102B, the other to the 
bedplate 103A, are able to exert pressure on the 
toroidal support 10 as above illustrated through the 
35 abutment surfaces 114, once the upper half 102B closes 
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upon the lower half 102A. 

Close to the inner side walls of said apparatus 100 and 
therefore at a radially external position to said 
5 toroidal support 10 when the latter is held within said 
cavity 110, a device is provided for generating heat at 
least on the surface of said toroidal support 10 and 
preferably also at the inside of said tyre being 
processed, therefore enabling partial vulcanisation of 
10 the latter, as already said. 

More exactly, by "heat generation" herein and in the 
following claims it is intended a production of thermal 
energy directly "in situ" through conversion of energy 
15 coming from the outside, magnetic or electric energy 
for example. Preferably this heat generation takes 
place in the plant in accordance with the invention by 
magnetic induction, as briefly discussed in the 
following. 

20 

Preferably said device comprises an annular inductor 
150 preferably having a C-shaped cross section. For 
heating said tyre under processing the magnetic field 
produced by the inductor is utilised, which inductor 
25 generates electric current by magnetic induction at 
least in the ferromagnetic parts of the toroidal 
support. By Joule effect this current generates heat at 
least in the support itself. 

30 To enable an appropriate heat generation on the surface 
of said toroidal support carrying said tyre being 
processed, use of toroidal supports of metal material 
(steel or aluminium alloys) is provided, said material 
preferably being ferromagnetic (steel, for example) or 

35 non ferromagnetic (aluminium alloys, for example) 
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preferably surface-coated with a layer of ferromagnetic 
material suitable to be brought to the appropriate 
temperature in a short period of time by said annular 
inductor 150 . 

5 

Preferably, said toroidal support 10 is conveniently 
made up of a drum that can be dismantled, i.e. 
consisting of circumferential segments at least some of 
which are centripetally movable to disassemble the 
10 toroidal support itself and allow easy removal of same 
from the tyre when processing is over. 

The toroidal support 10 further comprises at least one 
passage device associated with a duct (not shown) for 
15 connection to the surrounding atmosphere for example,, 
and formed along the shank 113 of said support, to 
allow diffusion of a vulcanisation fluid under pressure 
within the same during the moulding and vulcanisation 
steps . 

20 

Said passage device is provided with appropriate 
branches formed in the toroidal support body and by 
which said fluid reaches a plurality of ducts opening 
onto the outer surface of the support 10 itself, 
25 suitably distributed and sizes on the circumferential 
extension thereof. Distribution and sizes will be of 
such a nature as to prevent introduction of raw 
elastomer material into said toroidal support 10. 

3 0 The building process of a tyre carried out in the plant 
in reference contemplates manufacture of the carcass 
structure of the tyre itself in the first work 
stations . 

35 The toroidal support 10 carrying said carcass structure 
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20 is then inserted, preferably by a robotized arm, 
into said hermetically sealed cavity 110 provided 
within apparatus 100. The apparatus is then closed and, 
due to the presence of duct 108, said working fluid is 
5 caused to flow within said cavity until a pressure 
preferably included between about 5 and about 15 bars 
is reached, to press the inner surface of said carcass 
structure 2 0 from the outside to the inside against the 
outer surface of said toroidal support 10. When the 

10 selected use pressure is reached, inductor 150 begins 
generating heat on the surface of the toroidal support 
10, which heat is transferred to the carcass structure 
supported by the toroidal support itself. It will be 
appreciated that alternatively the inductor can be also 

15 activated concurrently with flowing of the working 
fluid within said cavity 110, so that heat supply can 
also start before the selected use pressure is reached. 

In addition, the inductor generates heat on the 
20 metallic parts of the structure itself as well, 
therefore generally within the structure of each bead 
and more particularly in the bead cores, since the 
latter are preferably made of steel . Consequently, 
since heat generated on the surface of the toroidal 
25 support is transmitted to the carcass structure, it 
causes a partial vulcanisation of the . latter in a 
period of time preferably included between about 2 and 
about 5 minutes. 

30 Preferably this partial vulcanisation takes place at 
least on one of the component parts of said carcass 
structure, such as the innermost layer of the carcass 
structure, on part of the liner for example, and on the 
elastomer material employed as the filler in the 

35 structure of each bead. 
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Subsequently, through duct 109 the working fluid is 
drawn out of said hermetically sealed cavity, the 
atmospheric pressure is restored therein and inductor 
150 is deactivated. Apparatus 100 is then opened and 
5 the toroidal support is extracted therefrom, preferably 
by a robotized arm, and is sent to subsequent work 
stations to complete building of the green tyre. 

Alternatively, the inductor is deactivated before 
10 restoration of the atmospheric pressure, because the 
amount of heat generated on the toroidal support 
surface can already be sufficient for the intended 
purposes, therefore partial vulcanisation of the 
carcass structure can go on with the already reached 
15 temperatures, preferably included between about 100 °C 
and about 2 00°C, and more preferably between about 
110°C and about 150°C. 

Preferably, the magnetic inductor power is included 
2 0 between about 25 KW and about 60 KW , and more 
preferably it is included between about 33 KW and about 
38 KW. 

Using this powers, the time during which the magnetic 
2 5 inductor is active is preferably included between about 
one minute and about six minutes, and more preferably 
it is included between about 2.5 minutes and 3.5 
minutes. It is during this time that said heat 
generation takes place. 

30 

In the period of time during which building of the tyre 
is completed, the toroidal support goes on transmitting 
heat by thermal conduction to the tyre being processed 
thereby helping in completing vulcanisation of the 
35 radially innermost layers of the tyre and in starting a 
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partial vulcanisation of the elements that are 
gradually laid on the toroidal support itself, in this 
way reducing the time of the moulding and vulcanisation 
operations to be carried out at the end of the tyre 
5 building. 

Said moulding and vulcanisation operations preferably 
contemplate closure of the built tyre and the toroidal 
support 10 in a moulding cavity defined in a 

10 vulcanisation mould, said cavity having walls 
conforming in shape to an outer surface of the tyre 
when vulcanisation has been completed- Subsequently the 
tyre is moulded by pressing its outer surface against 
the walls of said cavity, while heat is supplied to the 

15 tyre itself, preferably by means of a vulcanisation 
fluid, as previously illustrated, to enable 
vulcanisation thereof. 

In an alternative embodiment of the method in 
20 reference, association of the belt structure with the 
carcass structure of the tyre being processed may be 
carried out before starting partial vulcanisation 
within apparatus 100. 

25 



